A correlation of the clinical and electrocardiographic findings was undertaken in 110 cases which had in common the presence of deeply inverted T waves in central terminal leads centered about position 3 on the precordium. The results of this study are reviewed. A summary is presented of changes encountered at the time of necropsy in nine cases in which electrocardiographic changes of similar type had been recorded. These observations are integrated with concepts derived from the dipole theory. The total evidence is viewed in relation to observations reported by other investigators.
T HE T wave of the electrocardiogram always has been a component difficult to deal with. Changes in its configuration occur at times with scant provocation, and even at its normal best, it is commonly upright when, by more simply designed relationships, it should be inverted. In this enlightened period when nearly all things basic in electrocardiography can be crammed into a tight little nutshell of theory, the conduct of the T wave provides a disturbing but intriguing expression of refusal to conform. This stubborn attachment to an individualized, and in some measure unpredictable, performance may justify application of a method which otherwise would be held archaic to a study of one of the more remarkable aberrations of this wave.
The proposition basic to the study hereafter reported is that something may be learned about the origins of an electrocardiographic phenomenon by correlating it with the clinical, and in a few instances the pathologic, states in which it appears. Perhaps the argument would Over a period of several years, an occasional patient has been encountered who presented few if any symptoms of cardiac disease and yet whose electrocardiogram was so manifestly abnormal that even the undiscerning in matters electrocardiographic would have been alarmed by the changes encountered. The peculiar feature of the electrocardiogram was the presence of deeply inverted T waves in records from precordial leads from all or part of the points between positions 1 and 6.
A 52 year old man came to the _Mayo Clinic because of symptoms and findings indicative of polyneuritis. Careful study failed to reveal the cause of his neurologic disease but did disclose an abnormal electrocardiogram characterized by deeply inverted T waves in precordial leads V2 to V6 ( fig. 1 ). He presented no symptoms suggestive of angina pectoris or impaired myocardial reserve. Such unusual patho-
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retain all cases, arranging them in the categories to be described.
ANALYSIS OF DATA
The material to be analysed in this study necessarily must be separated as sharply as possible into two types, namely electrocardiographic evidence and clinical data apart from the electrocardiogram.
Electrocardiographic Data. Approximately half of the electrocardiograms that had been selected during several years were found to have the essential features of the record reproduced in figure 2 . The remainder had certain features of these "typical" tracings but failed in one or more ways to satisfy the FIG. 1. A 52 year old man presented neither symptoms nor signs of cardiac disease. Note the deeply inverted T waves, particularly in precordial leads V3 and V4 and the absence of significant abnormalities in the QRS complexes. This is the kind of electrocardiogram classed as "typical" in this study. diagnosis was made An electrocardiogram 10 months later disclosed some lessening in the degree of inversion of the T waves but did not The record of 3-30-53 reveals deeply inverted T waves in precordial leads V2, V3 and V4. A Q wave 1 mm. in depth is present in all precordial leads except V1. The tracing of 4-6-53 is essentially unchanged; note the notched character of the R deflection in V2 and the tiny Q waves in leads V3 through V6. Both T-wave and QRS changes are gone in the tracing of 1-2-54. criteria for classification among the typical records. The decision was made to proceed with analysis of these atypical tracings and the clinical records of the patients from whom they were derived, with the hope that some insight would be gained into the significance of deductions made in study of the typical tracings by comparing them with the results derived from study of the less typical records.
With a minimum of segregation, the electrocardiograms were placed in the following five categories:
1. The first group included the typical cases. Of a total of 110 cases in the entire series, 62 were placed in the category of which the record in figure 2 is representative and which might be regarded as the prototype of tracings on which interest had been focused originally. This group of electrocardiograms was characterized by the presence in lead V3 of a T deflection inverted to a depth of at least 5 mm. and as deeply inverted as the T wave in lead V5 or more so.
2. In the second category, typical changes in the T wave were associated with some relatively minor change in the QRS complexes ( fig. 3) 5. In the final group, the degree of inversion of the T wave in lead V3 was less than 5 mm. (fig. 6 ). These nine cases included five that would have been in the "typical" series (group 1) The first is "myocardial infarction," which was applied to the condition of patients who experienced an episode of pain that was severe, lasted an hour or more, and was evidently the occasion, as contrasted with any other in the patient's account, when myocardial injury occurred. The majority of these patients entered the hospital at the acute phase of their illness, and during the first few days they were found to have fever in excess of 100 F. Signs of shock were uncommon even in this group.
The second term is "severe coronary insufficiency," which included the condition of those patients whose episodes of pain varied from mild to severe, commonly lasted less than an hour, and almost always recurred several to many times over periods ranging from a few days to several months. Many of these patients never entered the hospital for treatment, and those who did come in during the acute phase of their illness never exhibited signs of shock nor displayed a significant degree of fever. Some increase in erythrocytic sedimentation rates was commonly present in patients of this Total .62 100 20 100 13 100 6 100 9 100 * One patient had findings of calcific aortic valvular disease. Another had noted symptoms of severe coronary insufficiency 8 months prior to these electrocardiograms. Healed subendocardial infarction was present ill eight of these nine cases. The infarcted regions were predominantly ill the lateral wall of the left ventricle ill four of these eight, whereas the anterior wall was the site of predominant involvement ill three and a small area of healed subendocardial scarring was present in the basal portion of the posterior wall of the left Aventricle ill the eighth. In the remaining case of these nine, scattered lesions of healed infarction were identified microscopically but no gross scarring was evident. The microscopic lesions were not concentrated in any one portion of the left ventricular wall. A detailed account of these pathologic data will be reported subsequently. c. None of the 13 patients whose electrocardiograms were of the type termed "leftstrain variant" presented substantial evidence clinically of myocardial infarction or severe coronary insufficiency.
COIMMENT
These observations delineate reasonably well the diagnostic implications of an electrocardiogram in which changes in the T wave are "typical." Such changes are not so reliable an index of myocardial injury as is found in a similar tracing in which certain minor alterations in the QRS complex are present but are far more significant in indicating such injury than an electrocardiogram in which changes are those of the kind encountered in the "left-strain variant" group.
One additional observation merits emphasis. In only one patient of the 62 who had "typical" T-wave changes was there incontrovertible evidence of a pathologic process other than coronary insufficiency or myocardial infarction as a basis for the electrocardiographic changes. This patient had chronic constrictive pericarditis and had undergone surgical exploration of the pericardium and heart. It is true that in 23 of these 62 patients the diagnosis of severe coronary insufficiency or myocardial infarction could not be established on clinical grounds, but neither could the presence of such disease be excluded as a basis for the electrocardiographic findings. Question 2. Does the observation that the deeply inverted T waves revert in time to an upright position alter the diagnostic implications of such a record? As already indicated, in 21 of the 62 patients electrocardiograms were obtained in which such reversal in direction of T waves had occurred. It is re-emphasized that, except for the aforementioned patient who had acute nephritis at the time of the abnormal electrocardiogram, 20 of these 21 patients presented substantial clinical evidence of myocardial infarction or severe coronary insufficiency.
Question 3. Is an electrocardiogram exhibiting "typical" T-wave changes related at all consistently to any particular clinical syndrome of coronary disease? The effort expended in an attempt to answer this question probably exceeded that applied to any other portion of this study, but the answer still must be phrased in qualified terms. The impression derived was that an unusually large proportion of patients in this group presented stories of episodes of severe pain recurring over periods of days or weeks, unattended by shock or fever. As noted previously, for the purpose of this study this syndrome has been termed 'severe coronary insufficiency" in contrast to "acute myocardial infarction," the latter diagnosis being applied when the episode or episodes of severe pain occurred within a more limited period and were attended by systemic manifestations of greater consequence. The ratio of patients having severe coronary insufficiency (28) to those having acute myocardial infarction (9) was approximately 3 to 1 in the series with only "typical" T-wave changes. A ratio of this same order was encountered in the series showing in addition to inversion of the T waves minor changes in the QRS complexes indicative of localized myocardial injury. Here, 13 patients were placed in the clinical category of severe coronary insufficiency, whereas to five others was attached a diagnosis of acute myocardial infarction. To conclude that "severe coronary insufficiency" as used in this study is Deeply inverted T waves should appear in the precordial electrocardiogram when the process of repolarization in the epicardial myocardium is accomplished later than it is in the endocardial myocardium. A pathologic process that produces a greater degree of injury in the epicardial than in the endocardial fibers is pericarditis. It is true that in the resolving phase of acute pericarditis, T-wave inversions appear in precordial records from points overlying the involved regions. However, coronary disease and not pericarditis was the prevalent pathologic process in this study among patients whose electrocardiograms revealed characteristic inversion of T waves. Study of the changes encountered at necropsy in this series supports the accepted view that coronary disease produces its severest lesions on the endocardial aspect of the left ventricular wall and indicates furthermore that the necrotic tissue commonly is confined to the endocardial half of the left ventricular wall in patients showing only deeply inverted T waves unattended by major changes in the QRS complexes. We may postulate that superficial to these necrotic fibers lay ischemic fibers and that in those nearer the necrotic zone the process of repolarization was retarded to a degree greater than it was in the epicardial fibers. By such reasoning, the T waves in an epicardial lead or in a precordial lead from a point overlying the involved region of the ventricular wall should be upright. But our evidence indicates these deflections were, in fact, inverted.
In an attempt to account for this apparent paradox, an added perspective may be found in the review of sequential records in a case that, from the electrocardiographic standpoint, was unusually well documented. The initial set of electrocardiograms in figure 7 was obtained within a few minutes after the patient began to experience pain in his thorax. In this record, the RS-T segments in precordial leads V3, V4 and V5 were depressed and the T waves were upright and exceedingly large. These alterations are of a kind encountered commonly in the electrocardiograms of patients with coronary disease who are subjected to stress, and it is this type of change that has been said to be characteristic of subendocardial myocardial infarction in previously reported studies of this lesion; in both instances, the ascription of their origin to a boundary so oriented that endocardially disposed myocardial fibers are more severely injured than the more superficially disposed fibers is justified. The transient A 40 year old man experienced severe thoracic pain approximately one hour before the tracing of 9-1-51 was made. Note that in the initial record the RS-T segments are depressed and the T waves are tall and sharply peaked in precordial leads V3, V4 and V5. These features are no longer present in the record of 9-2-51. In the tracing of 9-3-51, the T waves are deeply inverted in precordial leads V3 and V4. In the tracing of 9-28-51, these deflections have reverted to a nearly normal configuration; in that of 5-29-52, the resolution is complete. See text for discussion.
character of these changes is illustrated by the fact that in the patient under consideration they were no longer present in an electrocardiogram made approximately two hours after the initial tracing. This second record differed in no discernible way from that dated 9-2-51 in figure 7. In the record dated 9-3-51, approximately 36 hours after the patient first experienced pain, the T wave in precordial leads V3 and V4 had become deeply inverted, whereas in the record of 9-28-51 these deflections had returned to a nearly normal configuration.
Let us consider now the contribution that this sequence of electrocardiograms may make to the resolution of the paradox of T-wave inversion in the presence of postulated subendocardial ischemia. In this series of tracings, the initial record was of a type totally consistent with the existence of an acute subendocardial injury overlaid by a zone of ischemic myocardium. An Even if such a sequence is recorded, it is usually best to be certain that the clinical picture is compatible with the diagnosis. The diagnosis is almost never justified from a single record which shows changes confined to the T waves and RS-T segments. It is probable that infarcts that give rise to changes of this type are relatively small in their extent, or they may be in an unusual location in respect to the type of leading now employed. Most patients with infarcts of this type do well and have no serious impairment of function upon recovery."
Findings in the present study certainly demand no radical revision of this position. Rather our results lend support to every phase of the summary. Perhaps the position of one interpreting such an electrocardiogram is strengthened by the knowledge afforded by the results of this study of what apparently is the largest collection of such records with which medical literature thus far has been encumbered. The present-day "electrocardiographer" is reduced at times to the necessity of laboring over fields that remain unexplored solely by virtue of their total unloveliness. SUMMARY AND CON-CLUSIONS 
